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SfM多視点写真測量による
地形データのTLSを用いた
精度検証
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CONCLUSIONS 
SfM (pole and UAV) can be an efficien↑tools for 。cquisi↑ionof high-res topogrαphic da↑G 
(quick, cos↑－effective, visibility). where 
GCP setting is crucial for the accuracy 
Time and spatial scales 
for various methods 
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TLS 
1門1fT、
；由牽海岸での検証事例
ROCKY COASTAL BENCH AT 
MIURA PENINSULA 
INTRODUCTION 
Hig h-resolu↑ion↑opography 
-e打1erging什1e↑hods-
high-res so↑eli↑e images(photogrammetry) 
aerial photography (photogrammetry) 
αirborne laser scanning 
terres↑rial laser scanning 
robotic↑o↑al station 
kinematic GNSS 
ground-based pho↑ography (photogrammetry) 
among else, 
[ ＂＇瓜 ］ ~ cc,,~t0moO,~J 。 ae 
’ ↑iぷ，；＇~cale1 Y阿 1011~，C:,1;:;:nd large. =,I I these are becoming popular in geosciences I doγ 
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TLS 
• ground-based LiDA R (Ja!ght J2etection t.nd E_anging) 
-distance↑o a target by laser beams 
• Laser emission 
-Measurable withou↑visible ligh↑ 
• Quick acquisi↑ion of large pain↑cloud 
IS凶 get2003) 
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num. of papers on TLS 
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year 
The dロlawas retrieved from GeoReL口印刷，ographydalobロsein geosciences, 
using keywords of [terrestr旧｜八NDlaser AND geomorphologyj_ 
SfM-MVS photogramme↑ry 
• Sf M: structure from motion 
一「econstructingcamera positions in 3D from 2D 
images 
-developed in compu↑er vision 
[Ullman, 1979; Szeliski, 2010) 
-sparse poin↑cloud {matched points) 
• MVS: multi-views↑ereo 
-photog「amme↑ryusing aligned photos 
-dense point cloud 
in Japanese ..宇
SfM多視点写真測量
tea↑ures of SfM-MVS 
• platfor什1-free ・作1ultiscale
-UAV {UAS), balloon -mm～ km 
-pole, handheld 
• cos↑－effective 
-possible wi↑hく1,000
USD 
(cf. TLS >50k USD) 
• high resolu↑ion 
-often > 1 M points or 
faces 
• tex↑ured 
-or↑hophoto 
(cf. pain↑cloud by TLS) 
num. of papers on SfM 
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The data W口sretrieved from GeoRef, a oibliography dalooase rngeoscrences, 
using keywords of r・ structure from motion”］. 
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qua n↑i↑G↑ive 
evalua↑ion 
of these emerging 
methodologies is 
how 
accurate亨
necessary how 
efectルe宇
STUDY AREA 
A rocky coast o↑Aburatsubo, Miura 
Peninsula 
0 2凹m
トー ←－，
ca.190mx50m 
uplif↑ed in↑er↑idol bench 
les people, les vegeta↑ion, sligh↑ly undula↑ed 
TLS－↑erres↑rial laser scanning 
• Trimble TX5 (OEM: FARO Focus3D) 
一lightweight:5 kg 
-shor↑rαnge：～120 m 
-fast: -900,000 p↑s/sec 
• measuremen↑ 
-ca目 9min for each position 
-sphere/fla↑↑argets for registra↑ion 
Tie-poinf 
regisfralion 
。
STUDY AREA 
Pole-camera SfM 
・4-mlong rod ...,. 
• RICOH GR ’F 
• in↑erval shu↑ter: 1 sec 
-fixed αpeけure(F5.6) 
• gradually moves ahead, 
keeping overlaps 
• shoot from different 
angles os much os 
possible 
• post-processing by 
Agisoft PhotoScon 
。
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UAV-SfM 
• D」IPHAMTOM 
-paγload: ca. 400 g 
-fligh↑heigh↑： ca. 20--30 m 
• Nikon COOLPIX A 
-16 MPix 
一ca目 300g 
-1 /500 sec, F4.5-l 1 
-1・secinterval 
• pos↑－processing by 
Agisof↑Pho↑oScαn 
RESULTS & DISCUSSION 
⑥ 
reference points 
• for georeference of ob↑ained 
poin↑clouds 
• 3 GCPs 
• GNSS receiver 
-Trimble Geo×H Explorer 6000 
・ antenna：・TrimbleZephyer 2 
-pos↑－processed accuracy 
• -9 cm inX, Y and Z 
TLS 
・6scan positions 
-regis↑ra↑ion error：～2 
-georeference error < 
• ca. 1 hr 
• poin↑spacing: 9.2 m 
(max 1.3mm) ..(Jr 1 , 
• DE'.M.r叫出tJon:1 cm院議
pole-camera SfM 
• 1,273 photos 
ラー ca. 181M poin↑S (medium q9q!it由
一ca.17 hrs (align & dense cloud) L勺川 i 
• georeference errors: 4-7 cm 村
• point spacing: 22 mm 
(max 9.5 mm) 
• DEM resolution: 2 cm 
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Pole-camera SfM vs. TLS UAV-SfM 
• 335 pho↑OS 
今 ca.470M points (ul↑r:p育瑚
• point spacing: 3.8 mm 
(max 0.67 mm) 
• DEM resolu↑ion: 4 mm.‘ 
?????． ．
．?
Pole-SfM ＆リAV-SfMvs. TLS 
eleva↑ion (by 2-cm DEM) 
十村
r，.，.・匂
loν ＇＂I 
???
?
?
??????
?
????
?????
?? ?
??????
制駒田・＿，峠
UAV-SfM vs. TLS 
away from GCPs 
discrep口nciesat 
edges and waler are口S
Pole-SfM ＆リAV-SfMvs. TLS 
Slope (by2-cm DEM) 
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blured,, 
registrali旧nerror 
sharp represent口lionof a footprint 
/uo, ＇匂
5 m, 5 m test squores 
I Omfrom口torget
2. 10 m from 3 targets 
3. 10 m from 2 targels 
4. 15 m from a targcl 
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summary 
TIS p。lecamera SIM UAVSIM 
lime on site * 貴食 宵＊＊lhoU'lmuHI包1e,c白川 D.~1 hour 0.5h。G’
time for post 世＊ 肯 肯
processing ~v冒『司l hロ＂＂ 10-h。m 10・hロ凹，
cost ＠ *** * JFY JNトOOM 』PY.n-lC阻k JPYヌn・2M
resolution & 官官官 * * represe門1口lion 1-10町官官 10mm lι20mm 
relative口ccur，口Cy 官官官 官ー 宵
2『Jmm -10cm -10cm 
vis;bility (shadow) 肯 全＊＊ 背骨
v脂ibilitv(RGBJ * 女官宵 宵肯女。＂＇ロolnleloud ort、白ohoio α物。酎唱b
water N/A 女，t * 叫1le~主 aee内加担『 ifcfeanwol町 ifcle団司wo・er
• SIM i't\~~ and UAV) can be an eficier廿tootslo「ロc~~；＇~tion of high-
reso n topographic data (quick, cost-effective, ility) 
GCPse什1ngis crucial for ↑he accuracy of SIM data 
